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Hybrid topological defect half charge vortex
1.
Nematic liquid crystal $3He$ topological charge (defect)
charge topological defect
1),2) charge
defect tail ( ) ( ) ( )
( )
\pi jump
charge $+$ charge $+tail$ (interface) hybrid
defect stationary
2. phase coupling
$O(2)\cong SO(2)\cross Z_{2}$ mode interaction
$\triangle fl^{\gamma_{1}}+(r_{1}-s_{1}|W_{1}|^{2}+t_{1}|W_{2}|^{2})W_{1}+\alpha W_{1}^{*}W_{2}=W_{1t}$ , (1a)
$\triangle W_{2}+(r_{2}-s_{2}|W_{2}|^{2}+t_{2}|W_{1}|^{2})W_{2}+\beta\nu \mathfrak{s}^{\gamma_{1}2}=W_{2t}$, $(1b)$
$3$ ), $4$ ) $r_{i}\geq 0$ , $s_{i}\geq 0$ , $t_{i}$ $(i=1,2)$ , $\alpha$ , $\beta$ $t$
$\triangle=\partial^{\partial_{x}}=^{2}+\partial^{\partial}=^{2}y$ $W_{1}$ , $W_{2}$
$\dagger\cdot V_{1}=U_{1}e^{i\theta_{1}}$ , $W_{2}=U_{2}e^{i\theta_{2}}$ ,
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(1) $U_{i}$ , $\theta$;
$\triangle U_{1}-(\nabla\theta_{1})^{2}U_{1}+(r_{1}-s_{1}U_{1}^{2}+t_{1}U_{2}^{2})U_{1}+\alpha U_{1}U_{2}\cos\phi=U_{1t}$ , $(2a)$
$\triangle U_{2}-(\nabla\theta_{2})^{2}U_{2}+(r_{2}-s_{2}U_{2}^{2}+t_{2}U_{2}^{2})U_{2}+\beta U_{1}^{2}\cos\phi=U_{2t}$ , $(2b)$
$U_{1}\triangle\theta_{1}+2\nabla$ . $U_{1}\theta_{1}+\alpha U_{1}U_{2}\sin\phi=U_{1}\theta_{1t}$ , $(3a)$
$U_{2}\triangle\theta_{2}+2\nabla\cdot U_{2}\theta_{2}-\beta U_{1}^{2}\sin\phi=U_{2}\theta_{2t}$ , $(3b)$
\phi $=\theta_{2}-2\theta_{1}$
(3) (4) $U_{1}U_{2}\neq 0$ stationary
$U_{i}\triangle\theta_{i}+2\nabla U_{i}\cdot\nabla\theta_{i}=0$, $(i=1,2)$ $(4a)$




(5) $W_{2}$ $W_{1}$ (1b) Ginzburg- Landau
stationary Greenberg
$W_{2}=\{_{(1^{|n|}-\frac{n}{2r}\tau)e,(r^{in\theta}arrow\infty)}^{(r+O(r_{in\theta}^{|n|+2}))e,(r}arrow 0)$ (6)
$(r, \theta)$ $n$ charge number
$r_{2}=s_{2}=1$
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$W_{1}$ \mbox{\boldmath $\theta$}1 \mbox{\boldmath $\theta$} (1) $(\theta, U_{1}, U_{2})$
$(\theta,U_{1}, U_{2})arrow(\theta+2\pi, U_{1},U_{2})$ , $(7a)$
$(\theta,U_{1},U_{2})arrow(\theta+\pi, -U_{1},U_{2})$, $(7b)$
$W_{2}$ 2\pi W, \pi
$W_{1}$ $W_{2}$
charge 1 (4b) $W_{1}$ topological charge
1/2 $\theta_{1}=\theta$ , $\theta_{2}=2\theta_{1}-\pi=2\theta=\pi$ defect
1 topological defect
7) $x\geq 0$
$W_{1}$ charge 1/2 tail topological
charge interface ( \pi $W_{1}$ )
(7b) interface $0$
charge defect charge defect
1 $x<-\epsilon$ (\epsilon defect core ; $\epsilon\ll 1$ ) phase jump
(l) stationary
$W_{1}=\{\begin{array}{l}(a_{l}r+a_{3}r^{3}+\ldots)e^{i\theta}if\frac{\pi}{2}\leq\theta\leq\frac{3}{2}\pi\cdot U_{l}(x,y)e_{l}^{\pi}U^{1}(x,y)e^{3}\tau_{\pi i}^{i}if0\leq\leq if\frac{3}{2}\pi\leq^{\theta}\theta\leq^{\frac{\pi}{2}}2\pi\cdot\end{array}$ $(8a)$
$W_{2}=\{\begin{array}{l}(b_{2}r^{2}+b_{4}r^{4}+\ldots)e^{i(2\theta-\pi)}if\frac{\pi}{2}\leq\theta\leq 3\tau^{\pi}\cdot U_{2}(x,y)if0\leq\theta\leq\frac{\pi}{2},\frac{3}{2}\pi\leq\theta\leq 2\pi\cdot\end{array}$ $(8b)$
defect
$|y|=O(\epsilon)\ll 1$ $W_{1}$ , $W_{2}$ $x<0$ $\frac{\pi}{2}\leq\theta\leq\frac{3}{2}\pi$
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Greenberg (6)
$\theta$; $(i=1,2)$ $- \frac{\pi}{2}\leq\theta\leq\frac{\pi}{2}$ $=0$ (8) charge number
$\frac{1}{2\pi}\int\nabla\theta_{i}\cdot dk=\frac{1}{2\pi}\int_{\pi}^{3}\nabla\theta_{i}\cdot dl\tau^{\tau^{\pi}}=\{_{1}1/2$ $ifi=2;ifi=1$
; (9)





$\triangle U_{2}+(r_{2}-s_{2}U_{2}^{2})U_{2}=0$ , (10)
$x\geq 0$ $x=0$ $x\leq 0$
$U_{2}=B_{2}(x^{2}-y^{2})+B_{4}(x^{4}-y^{4})+O(x^{6},y^{6})$ , (11)
$B_{i}$
$B_{2}=-b_{2}$ , $B_{4}=- \frac{r_{2}}{12}B_{2},$ $\ldots$ ,
$x=O(1)$









$B=\sqrt{3s_{2}c^{2}-r_{2}}$ $A$ $x\ll 1$
$r_{2}-3s_{2}c^{2}\geq 0$ $x\gg 1$ (13) $X=const$ .
const. $c$ $U_{2}$ $U_{2}=c+O(y^{2})$ $(x\gg 1, y\ll 1)$
(15) $A=0$ $r_{2}-3s_{2}c^{2}<0$
$W_{1}$
$\triangle W_{1}+(r_{1}-s_{1}|W_{1}|^{2})W_{1}+\alpha W_{1}^{*}W_{2}=0$, (16)
(8a) phase iumP $W_{1}$ $y$
$x\geq 0$ $W_{1}$
$W_{1}=i(A_{1}yF_{1}(x)+A_{3}y^{3}F_{3}(x)+O(y^{5}))$ , $(y\ll 1)$ (17)
(16) $F_{1}$
$F_{1xx}+(r_{1}-\alpha U_{2})F_{1}=0$ , (18)
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$y=0$ (17) $x\leq$
$A_{1}=a_{1}$ , $F_{1}=1$ at $y=0$ ,




$-\epsilon<x<\infty$ , $y\ll 1$ defect
(11), (12) $U_{2}$
$U_{2}=c \tanh^{2}\frac{1}{2}\sqrt{\frac{r_{2}}{2}}x+O(y^{2})$ , $(x\geq 0, y\ll 1)$
$x\geq 0$ $W_{1}$
$x\ll 1$ $U_{2}\sim c$ $U_{1}$
$U_{1}=\sqrt{\frac{r_{1}-\alpha c}{s_{1}}}\tanh\sqrt{\frac{r_{1}.-\alpha c}{2}}y$ , $x\gg 1$
$r_{1}-\alpha c>0$ x\gg l
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